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Franck-Condon Factors to High Vibrational Quantum
Numbers II: SiO, MgO, SrO, AlQO, VO, NO

R. W. Nicholls*
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Franek-Condon factor srravs have heen computed oumerigally to high vibrational
quantunmy oumbers for the band systems of the following dintomic oxides of interest inm

astrophyalea and atmospherle phyzies

B0 (ANI—XIEH
Mg(): (BE— AUm)
M-EIO: (BIE— X'E)
Brll: (AT —3IE)

AlQ): (AR — XIEH)
VO [AfA-— XEAD

NOg: (B—X)
Ny (AMEH—XM)

1. Imtroduction

In the first paper of this series [Nicholls, 1061]
which is referred to below as (I), the influetice of the
Franck-Condon lactor gep-=|fpderdr|® in deter-
mining the probability of a #'+~"" molecular transi-
tion and in particular the intensity of the radiative
o'+’ transition was discussed.

A review was givon of the methods which have
been developed since the onginal work of Condon to
compute arrays of the factors for molecular band
systems. In particular a method of direct computa-
tien of arrays of Franek-Condon {actors for “Morse™
malecules by nwnerieal integration using an elee-
tronic computer program was desenbed and ge,o-
arraya for a number of transitions of Ny and N3
were reporked. The program has alsc been used to
compute @y -arrays for the (b Schumann-Ruange
[Nicholls, 1960] and N 5 (*1I,— A%L,) [Nicholls, 1962a)
syatems.

In the present paper further results from the use
of this program are presenied for band systems of &
mumber of dintomic oxides.

2. Basic Data

The computations were performed upon the 704
electronie digital computer of the National Bureau
of Standards using a prograin written by Miss I.
Stagrn and Misa R, Zucker of the computation
laboratory. The input dala for this program ave
wy, Wk, T Bas Pmax TOT both states of the transition
involved. The notation is standard [Herzberz

"Departmicent of Fliysics, Uoivenity of Westaen mtario, London, Chikarlo,

The transitions treated here are:
BifAIT—XIET)
MgO(B'Z - AUT)

h%O{B‘E—X'E}

{

1950].

BrO(A Z—X'Y)
AlO(ASE+—XIE%)
VO{A2A— XA}
NOg(B*II— XL}
KO AT+ X)

gome of which (YO, AIOQ, Sc0, Mg()) are of impor-
tance in the spectra of stellar mvelufpes [Hynek,
1951] pud others (NCH of which are of importance
in the spectrum of hot air [Daiber and Williams,
1451].

The basic input data for these transitions is listed
in table 1. Tt was taken from the eompilation of
Herzhery [1950] or from originel papers of analysis
of the band systems. The .y entries correspond to
the highest epectroscopically identified vibrational
level of the clectronic state involved,

3. Results

The eight Franck-Condon factor arrays appenr in
tablez 2 to 9 inclusive.  In these rectangulay, donble
entry tables, data are of course piven for many more
hands than are eommoenly observed. Entiries which
are at & local maximum, relative to their neighbors,
have been italicized and the loci of these mnximuoin
values (Condon Joci or 'pambolae™) are indicated by
dotz between the celomns. In theze tables, the
power of 10 by which the eatiy is to be cuultiplied
1= indicated by the negative number in each entry.
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4, Discussion

Mozt of the band systems reported here were
studiad becnuse of w need to interpret in our labora-
tories gpectra produced by shock exeitation of pow-
dered oxides [lgichu]ls and Parkinaon, 1857; Parkin-
son and Nicholls, 1#58]. As has been noted above
a number of the eystems arc also of importance in
aztrophysics and atmoszpheric physics.
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It was pointod out in (I} that the prime limitation
in the wse of such tables iz the reslisin of the Morae
roodel for the respective rmolecular potentials io-
volved. Such tables as 2 to 9 ara therefore to some
extent interim results to be used until eomparable
tables derived from wavelunctions from numerical
“real” molecular potentials become availablelJarmain,
1859, 1960, 1961 ; Fallon, Tobias, and Vanderslice,
19615 and references therein],

The profiles of primary and subsidiary Condon
loci are indicated. They exhibit the same eral
patterns as were noted in (I); viz: the smaller Az,
the narrower is the Friu‘m? parabola and the fewcr
subsidiary loci, while the larger ar, the wider the

rimary patabole and the more eypbsidiary Iosi.
th extremea, and some intermediate cases, are to
be seen in tables 2 to 9. Ar, 18 largeat (0.264) in
the case of the N2 systein for which the primary
parabola iz wide and its vertex is far removed from
the origin, The (s Schumann-Eunge system [Nich-
olls, 1980] is & eomparable example. The Mg0
(Bi2—X'E) svstern has a narrow primary locus.
The AWAET =22} mystem {Ar,=0.0494) is a
somewhat similar, though less extreme case.

Knowledge of the profiles {in the +’, "’ plane} of
these logi has obvious important applications to the
definitive identifications of bands. Some prelimi-
nary remarks were made in {I) on a study of the

metry of the loel which is elaborated upon more
ully elsewhera [Nicholis, 1962b, c].

TaBLE 2. Franek-Condon factars Io high wibrational guantum numbere for the 310 AV — XIF band aystem
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Tasie 3. Franck-Condon fuctors ip bigh oibroliono! quanfum numbers for the Mgl A'D—BIE band syslem
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Tavie 4. Franck-Condon facters o kigh sfbrational quanium nembers for the Mg B'Z—X0E band ayslem
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TABLE 5, Franek-Condon facfors (e high vibrolional quanfum numbers for the 300 MZ —XIE bond syslems
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TanLe 6. Fronck-Condon faclors {o Righ wibrational guenium numbers for the AIQ AYZ-XZ bond rpsiem
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Tantk 7. Franch-Conden focfors to high witrational guantum numbers for the VO A% — 200 band aystetn
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TanmLe B, Franek-Condon factors lo high quanium ausbers far the NO beta (BATI-X3IT) bond system
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TaseLe 3 WFronck-Condon foclors to kigh sibration guanfum numbers for the no goammea (AVZ-XH0) band sysicn.
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In addition to the resulta quoted in (1) and in this
papet, the computer ]i}lm aitn has also been used to
evaluate g-arrays for the O Schumann-Runge systeimn
[Nicholls, 1960], the N3 *IT,~ A’I, system [Nicholls,
1962a] nnd & number of band systems of imperiance
m the vacuuin ultravicles '[Nicgsﬂs, 15362¢e]. It also
has applications to the evaluation of Franck-Condon
factor arraya for excitation und ionization transitions
from ground states. Data for some ionization tran-

sitions were given in (I} for NJ and by Wacks and
Krauss [1861] for OF. 1In both of thesc cases only
one or twi levels of the lower (ground) state involved
wera elnployed as the resyliswere to be used for ionizn-
Lion of cold gases. Somerecent data have been calen-
lated and will be published elsewhere for complete
e e <ol O oo ) Franck-Condon factor ax-
citation arrays for & pumber of fransitiona hetwesn
MNe(X1Z) and other states of Nz and N7
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In the cass of Si(), where an analytic method has
alsc been used fo cumpute & limited array (for appli-
" pation to shock tube spectra) [MelGregor, Jarmain,
and Nicholls, 1061] agreement between the {wo
AITAYE 16 axcellent.
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